Fast Detectors and Electronics for
Future Experiments
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Speed!

e Fast timing increasingly important
e Don’t have to crash and burn



Overview

e Fast Timing traditionally

— Particle Identification
— Difficult, expensive, low-density, ...

* Next generation experiments

— Rare processes = background suppression
— High statistics = high event rates
— High event rates - pile-up, loss of signal purity

e Some examples:

B~ w e

Next generation Particle ID
Reinvigorating older techniques
VH-LHC event pile-up

Even at trigger level



Fast Timing Instrumentation Evolution

e Traditional “crate based” electronics
— Gated Analog-to-Digital Converters

TDC

— Referenced “triggered” Time-to-Digital Converters — Disc.

Trigger

« High-rate applications -

— “pipelined operation” oo
— Low-speed, low-resolution sampling

e HH‘HH‘HH HH‘HH T

« High channel counts

— Motivation to reduce cabling
— Integrate electronics onto detector elements

o o

Triggerless DAQ pushing envelope



Underlying (intrinsic) Fast Timing
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Limitations
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“Simple Vertex” Reconstruction
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Even in a Hadron Collider Environment
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LHC Timing Example — shorter-term

beanneTs

Wike Detector stations

A. Brandt A ~210m from IP
N p' = '
210,420 m Al g % ~420
: p
| AFP Detector '
p p
Central Central
Exclusive Exclusive
Production Production
(QCD) b > | (QED)

CEP: Momentum lost by protons goes entirely into mass of central system

QUARTIC concept: Mike
Albrow for FP420 (joint

ATLAS/ CMS effort) 2004
based on Nagoya Detector.

10 ps or better resolution (including electronics)
High efficiency and acceptance

High rate capability (~5 MHz/pixel)
Segmentation for multi-proton timing

L1 trigger capability

Robust operation in high radiation environment




Our results at SLAC and Fermllab tests

Photo-sensors
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US-CMS Precision Timing Proposal for
Phase Il upgrades

e Multiple collisions overlapping: 1.0-1.5 events/mm in each crossing
— Degraded event reconstruction (ele, v, jets, MET); object identification (pileup jets)

* Need ability to identify particles coming from hard scatter vertex
— Precision timing measurements could provide such information
— Even with extended coverage in rapidity of trackers, neutral particles still an issue

* Considering an option to implement precision timing device in Phase 2

' 0.35 event/ps —
Plan A (@ 5E34) (up to 0.48 for “worst collisions”) a0 | Plan B (@ 4E34)
- worst case at min. B* ws b - worst case at min. B*

S. Fartoukh:


http://indico.cern.ch/conferenceDisplay.py?confId=263083

Test beam resolution for average rechit energy: 80 psec ~20 GeV

CMS ECAL

Measurement performed in situ with events from Z->ee
— Found to be 190/280 psec in ECAL barrel/ECAL endcap

Need to improve an ~order magnitude to resolve different vertices
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Fast Semiconductor Tracker Timing

Ultra-fast Silicon Detectors (4D-UFSD)
Contribution of Hartmut Sadrozinski (UC Santa Cruz)

From the values shown in Table 1, pixel sensors offer very attractive combinations of moderate gain,
small capacitance, and short collection time. Due to the high value of backplane capacitance, strip
sensors cannot be made as fast as pixel sensors; however, a “mini-strip” of 1-2 mm long offers a quite
fast collection time, 50-100 ps, with a moderate value of capacitance (~1 pF).

Thickness| BackPlane Capacitance Signal [Coll. Time Gain required
[um] Pixels [fF] Strips [pF/mm] [# of e-] [ps] for 2000 e |for 12000 e
2 125 2.9 80 25 25 149
5 o0 1.0 235 63 8.9 o1
10 25 0.50 523 125 3.8 23
20 13 0.25 1149 250 1.7 10.4
100 3 0.05 6954 1250 0.29 1.7
300 1 0.02 23334 3750 0.09 0.5

Table 1 Silicon sensor characteristics for various thicknesses of the active area.

Does require gain, highly integrated readout, but very interesting




Precision Timing @ L1 Trigger?

R&D Topics: Trigger W,
(mostly ATLAS & CMS) WISCONSIN

Increase of rate from Level-0 to HLT to read out
» Absolute rate & balance between levels .
L1 complexity vs. HLT input rates W. Smith
» Study the trade-offs
L1 Trigger Latency
+ How much is needed & consequences on electronics
L1 Track Triggers

* Associative Memories

« Study techniques: sharpen p; threshold, e- & p- ID, Isolation, primary vertex for
jets, multi-object triggers, possibility of pixel b-tag.

 Interplay with tracker design
Improvements to L1 Calo. & Muon Triggers

* Processing of much finer-grain, higher bandwidth information
Impact of higher bandwidth links & denser optical interconnects

New packaging & interconnect technologies
« ATCA, puTCA, RCE

“We A 1 Tolel-

Impact of detector timing improvements ( ~100 ps)

* @.q. crystal calorimeters (CMS: PbWO3 has ~ 150 ps, LYSO <100 ps)

14



Time Deviation [ps]
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Detector Synchronization

e Detector Synchronization necessary to achieve physics goal
— Need to keep the large area detector well synced
— Synchronization needs to be stable over long period of time

e Possible alternatives:

— Technology for full synchronization wit in-situ techniques
e Universal psec timing system for FAIR, White Rabbit

— Reference signal generation jitter ~8psec

— Send several independent clocks via DWDM

— WR: sub-nsec accuracy for >1000 nodes
— WR: Up to 10 km of length.

0.03°@5.4 MHz

| -0.03°@5.4 MHz

Time [h]

FAIR, PH-ESE seminar, CERN, 02.06.2013

Synchronize different parts of CMS
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Open Questions/Discussion Items

e What limits timing in future detectors?
— Space-time (300um - 1ps)
— Extrapolations = 100fs

 \What technologies would be transformative?

— Fast sensors? [LAPPD++, Semicond, ?77]
— Integral electronics?

o Areas for future exploration?

1.

ok wD

Sub-ps distributed timing standards

Detector segmentation, fast signal collection

New techniques: e.g. radio (Askaryan) calorimetry
THz/mm-wave active interrogation of passive detectors
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